Purpose: Genetic polymorphisms may affect not only cancer development but also cancer progression, and as a result could influence cancer phenotypes. The aim of this study was to examine the relationship between breast cancer susceptibility gene polymorphisms and clinicopathological features.
INTRODUCTION
Hereditary breast cancer accounts for 5-9% of all breast cancers (1) . It was recently estimated that a combination of BRCA1 and BRCA2 gene mutations is responsible for only ϳ30% of hereditary breast cancer cases (2) and Ͻ2% of all breast cancer (3) , suggesting that there may be other, lowpenetrance genes that also increase an individual's susceptibility to breast cancer. Candidate low-penetrance breast cancer susceptibility genes include those in pathways involved in DNA repair, steroid hormone metabolism and signaling, and carcinogen metabolism (4) . Because of the accessibility of enormously expanding genomic databases and the rapid development of high-throughput automated genotyping, an ever-increasing number of association studies between breast cancer risk and genetic polymorphisms, particularly for single-nucleotide polymorphisms (SNPs), have been published. Many of these have demonstrated significant associations, although few studies have elucidated how a germline polymorphism can affect breast cancer development. Some authors have reported associations between various genetic polymorphisms and phenotypic features of breast cancer. These include TP53 codon 72 and lowgrade histology (5), a TP53 intron 3 16-bp insertion and poor histological grade, p21 codon 31 polymorphism and progesterone receptor (PR) status (6) , CYP1B1 codon 432 and steroid receptor status (7) , ESR1 codon 325 and expression of PR and p53 (8) , VDR and nodal status (9) , PSA promoter and less aggressive breast cancer (10) , and SRD5A2 codon 89 and earlyonset, aggressive forms of breast cancer (11) . In addition, many authors have reported associations between genetic polymorphisms of GSTP1 (12) , GSTM1 and GSTT1 (13) , SRD5A2 (11) , SULT1A1 (14) , LIG4 (4), and GSTA1 (15) and survival of breast cancer patients.
The results of these previous reports suggested that genetic polymorphisms may associate with cancer development as well as progression, and as a result may affect cancer phenotype and prognosis. However, these results were anecdotal and have not been reproduced in other studies. More systematic analysis involving several candidate genes and various clinical parameters is required to confirm the hypothesis that genetic polymorphisms are associated with cancer phenotype. We selected the genes that have been reported or hypothesized to associate with breast cancer risk in other studies with rare allele frequencies exceeding 10% in our preliminary study population, focusing mainly on the genes involved in estrogen metabolism. They included genetic polymorphisms that we have previously reported to be associated with breast cancer susceptibility (16 -21 The purpose of the present work was to evaluate possible associations between polymorphisms in these genes and clinicopathological features of breast cancer by use of a highthroughput SNP scoring technique.
MATERIALS AND METHODS
Study Subjects. All study subjects were recruited from September 2001 to January 2003 at Seoul National University Hospital with the approval of the Institutional Review Board. Breast cancer patients (n ϭ 664) underwent surgery for primary breast cancer from January 1988 to January 2003, and the diagnoses of cancer were confirmed histopathologically at Seoul National University Hospital. Informed consent was obtained from all participants at the time of blood withdrawal. Patients who refused to donate blood, who had life-threatening disease progression, who had other malignancies than breast cancer, or whose clinical and pathological data were not available were excluded from the study.
The characteristics of the breast cancer patients and their tumors are shown in Table 1 . Age at onset, family history of breast cancer, tumor size, lymph node status, and histological grade (Scarff-Bloom-Richardson classification) were reviewed. Immunohistochemical studies were performed to determine expression of the tumor markers estrogen receptor (ER) and PR. Clinicopathological data were compared among genotypes and analyzed for significant differences.
SNP Genotyping for Allele Frequency. We selected 72 SNPs from a list of low-penetrance breast cancer susceptibility genes. After performing preliminary genotyping, we selected 17 SNPs with a rare allele frequency exceeding 10% in the Korean population ( Table 2 ). All SNPs were in the coding region of each gene, with 11 being nonsynonymous and 6 being synonymous changes.
SNP genotyping was performed by SNP-IT assay using the SNPstream 25K System (Orchid Biosciences, Princeton, NJ). Briefly, the genomic DNA region spanning the polymorphic site was PCR-amplified using one phosphothiolated primer and one regular PCR primer. The amplified PCR products were then digested with exonuclease. The 5Ј phosphothioates protected one strand of the PCR product from exonuclease digestion, generating a single-stranded PCR template. The single-stranded PCR template was overlaid on a 384-well plate that contained a covalently attached SNP-IT extension primer designed to hybridize immediately adjacent to the polymorphic site. The SNP-IT primer was extended for a single base with DNA polymerase and a mixture of the appropriate acycloterminators labeled with either FITC or biotin and complementary to the polymorphic nucleotide. The identity of the incorporated nucleotide was determined by serial colorimetric reactions with anti-FITC-alkaline phosphatase and streptavidin-horseradish peroxidase, respectively. The resulting yellow and/or blue color was measured with an ELISA reader, and the final genotype calls were made using a QCReview program.
Statistical Analysis. The 2 test (Pearson statistic) was used to determine associations between the frequencies of the polymorphic alleles and the various clinicopathological features of breast tumors and to ensure the independence of alleles (Hardy-Weinberg equilibrium). The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by use of an unconditional logistic regression model. To determine the presence of a linear increase in risk with exposure, a linear-by-linear association test was performed. All analyses were carried out using SPSS version 10.0 (Chicago, IL).
BRCA1 haplotypes were constructed from genotype data from five SNPs by use of the HAPLOTYPER2 program (software for haplotype inference based on the Bayesian algorithm; Ref. 22 ). The genetic status of subjects was expressed as the combination of two haplotypes (diplotype configuration). 
RESULTS
The allele frequencies of the 17 SNPs are shown in Table  2 . The wild-type and variant alleles were in Hardy-Weinberg equilibrium.
Analysis of the association between each SNP and the clinicopathological features of breast cancer showed some significant associations (Table 3) . CYP1A1 codon 462 and CYP1B1 codon 432 polymorphisms were found to be associated with young onset (Յ35 years at onset; Table 4 ). A young age at onset was found more in cases with the Ile/Val or Val/Val genotype in CYP1A1 codon 462 than in those with Ile/Ile (OR, 1.64; 95% CI, 1.03-2.60). Similarly, a young age at onset was found more in cases with Leu/Val heterozygosity in CYP1B1 codon 432 than in those with Leu/Leu (OR, 1.71; 95% CI, 1.02-2.86). Study subjects were assigned to one of three groups to examine synergistic effects of combined CYP1A1 codon 462 and CYP1B1 codon 432 polymorphisms on onset of breast cancer at a young age (Table 4) . We found that if one of the two SNPs was heterozygous or a rare homozygous form, there was a higher correlation with young age at onset of breast cancer (OR, 1.92; 95% CI, 1.14 -3.24). When both SNPs were heterozygous or rare homozygous forms, the OR increased to 2.35 (95% CI, 1.14 -4.86; P for trend ϭ 0.006). Fifty of our cases had a family history of breast cancer. Twenty-eight of the 50 had first-degree relatives and 22 had second-degree relatives but no first-degree relatives with breast cancer (Table 1) . Subjects with Ile/Val in CYP1A1 codon 462 were 2.0-fold more likely to have first-or seconddegree relatives with breast cancer, and those with Val/Val were 2.9-fold more likely (P for trend ϭ 0.008). The significance increased when the cases were restricted to those who definitely had first-degree relatives with breast cancer (P for trend ϭ 0.002; Table 5 ). When we combined age and family history and analyzed the association with the CYP1A1 codon 462 polymorphism, younger patients (Յ35 years) with a family history (first-or second-degree relative) were 8. The five BRCA1 SNPs showed no association with any clinicopathological feature individually. We constructed haplotypes with these five SNPs, using the haplotype inference program HAPLOTYPER2 (Table 6 ). Four types of haplotype were found, and two of them accounted for Ͼ99% of our study cases. The haplotypes found and their frequencies were very similar in all 60 controls (data not shown). The association between haplotype combination (diplotype) and clinicopathological features was analyzed. A relatively rare homozygote, type II/II combination, showed significantly less ER negativity (OR, 0.49; 95% CI, 0.26 -0.94) and less PR negativity (OR, 0.56; 95% CI, 0.31-1.02) than the most common I/I combination ( Table 7) .
TP53 codon 72 polymorphisms were associated with axillary lymph node metastasis (Table 3) . Cases with Arg/Pro or Pro/Pro variants in TP53 codon 72 had less axillary lymph node metastasis than those homozygous for the Arg/Arg variant (OR, 0.68; 95% CI, 0.49 -0.94).
Given the many polymorphisms examined, we needed to adjust for multiple comparisons. We assessed 12 polymorphisms and a haplotype in 10 genes; therefore, a conservative Bonferroni correction of the P would require the significance level to be 0.05/13 ϭ 0.003. When we applied this stringent criterion for significance, the association between the CYP1A1 codon 462 polymorphism and a family history of breast cancer in at least one first-degree relative remained significant (P ϭ 0.002).
DISCUSSION
Although many somatic genetic changes correlate with phenotypes in breast cancer (23) , limited evidence is available about the influence of common germline genetic variations on clinical outcome. Because of possible effects on protein function or expression, it is reasonable to suspect that polymorphisms in genes involved in carcinogen metabolism, estrogen synthesis/ metabolism, DNA repair, and cell-cycle control could predis- pose individuals to breast cancer and could also influence the clinical phenotype of the tumor. We looked for relationships between polymorphisms of candidate genes for breast cancer susceptibility and cancer phenotypes. The most remarkable finding was the association between germline genetic polymorphisms in CYP1A1 and CYP1B1 and age at onset of breast cancer. Several investigators have demonstrated that breast cancer in young women, compared with their older counterparts, differs in terms of pathological features and clinical outcomes. Moreover, age has been shown to be an independent prognostic factor, suggesting that early-and lateonset breast cancers have different biological origins (24, 25) . It is possible that some unknown genetic factor may contribute to these different propensities with age. In the literature, GSTM1, GSTT1, and CYP17 polymorphisms have been proposed as associated with a young age at onset of breast cancer (26, 27) . CYP1A1 and CYP1B1 are enzymes involved in the production of carcinogenic estrogen metabolites and the activation of environmental carcinogens. The association between polymorphisms in these genes and breast cancer risk is controversial (7, 28 -30) . Our results suggest that germline polymorphisms in CYP1A1 and CYP1B1 might affect development of cancer in younger patients, whereas other factors may have more influence in carcinogenesis in older subjects. Although the difference between age groups regarding exposure to carcinogens could explain the difference in cancer risk and tumor characteristics according to age of onset, it is more reasonable to postulate that genetic insults may have greater influence on earlier onset diseases.
We also showed an association between CYP1A1 and family history of breast cancer. Hypothetically, CYP1A1 is a lowpenetrance gene for breast cancer, and its polymorphisms would not show strong familial aggregation. Nevertheless, a woman with a family history has a higher risk for developing breast cancer, suggesting that other factors may be already working in this population. It is possible that the effect of genetic polymorphisms on the development of cancer is more apparent in this genetically labile population. Our results showed that the effect was maximized in breast cancer patients who were young at disease onset who also had a family history of breast cancer in close relatives.
It has been reported that cancers associated with BRCA1 mutations are less often positive for ER and PR and are more frequently medullary carcinoma and higher grade invasive ductal carcinomas than are sporadic breast cancers (31, 32) . We tried to investigate whether a patient with sporadic breast cancer with a certain BRCA1 haplotype would have a different phenotype or age of onset from others. We found that 2430C/2731T/3667G/4427C/4956G homozygotes showed more ER and PR expression than the most common diplotype. Fan et al. (33) demonstrated that the wild-type BRCA1 gene inhibits signaling by ligand-activated ER-␣ through the estrogen receptor element and blocks the transcriptional activation function of activity function-2 of ER-␣; they postulated that loss of this ability contributes to mammary carcinogenesis. Our results suggest that alterations in BRCA1, such as alternative haplotypes, although they may not cause the truncation mutation or change the breast cancer risk at all can affect the interaction of BRCA1 with ER.
Axillary lymph node status is the most significant prognostic factor in breast cancer. Therefore, any factor associated with lymph node metastasis is likely to be associated with survival. In our study, the TP53 codon 72 Pro allele was found to be associated with a negative lymph node status. Goode et al. (4) found a protective effect against death after breast cancer among patients who carried the Pro allele of the TP53 R72P polymorphism, but inclusion of known prognostic variables in the model reduced the apparent protective effect of this TP53 polymorphism. From these and our results, it appears that the TP53 codon 72 polymorphism may affect lymph node metastasis in breast cancer and, consequently, survival. Dumont et al. (34) indicated that the Arg72 variant of TP53 induces apoptosis markedly better than the Pro72 variant and suggested that these variants may alter cancer risk and that Arg72 homozygotes may respond more favorably to radiation or chemotherapy.
In conclusion, the present work confirms the hypothesis that polymorphisms in candidate breast cancer susceptibility genes can influence the clinicopathological features of the disease. In addition, the study demonstrates the feasibility of highthroughput SNP scoring for mass screening studies. Points of particular note are that the present study is large scale in terms of the number of subjects, SNPs, and genes examined; involved a very homogeneous ethnic population recruited from one in- 
